Dry mouth is easily neglected if not associated with oral diseases. Consequently, xerostomatic patients often use unconventional therapies. In traditional Korean medicine, Korean red ginseng (KRG) has long been used to relieve dry mouth. However, no clinical trials have investigated whether KRG actually has an effect on dry mouth. This study was performed to evaluate the efficacy of KRG for dry mouth. We enrolled 100 volunteers with no obvious oral or salivary gland diseases and divided them into KRG and placebo groups. Each group was divided into six subgroups according to age and gender. The subjects received 6 g/day of KRG or placebo for 8 weeks. The dry mouth visual analog scale (VAS), salivary flow rate, and a dry mouth-related symptom questionnaire were evaluated at baseline and at 4 and 8 weeks. KRG treatment did not show any significant differences for any of the variables. However, KRG improved the dry mouth VAS at 4 weeks and dry mouthrelated symptoms at 8 weeks in women, but not in men. Subgroup analyses revealed that KRG markedly improved the dry mouth VAS in women of menopausal age (40 to 59 years) at 4 and 8 weeks. KRG may have beneficial effects for dry mouth in women, especially those of menopausal age, but not in men. Further investigation in post-and perimenopausal women is required to elaborate on these findings.
INTRODUCTION
Dry mouth is a subjective feeling of oral dryness that occurs in 46% of the elderly population [1, 2] . It is closely related to hyposalivation and occurs as a side effect of medications and diseases, such as Sjögren's syndrome and radiation-induced xerostomia [3] . In diseaseor radiation-induced dry mouth, the symptoms tend to be very severe and may lower the patient's quality of life and increase the risk of opportunistic oral infections [4] . In contrast, dry mouth unrelated to severe systemic and salivary gland diseases is easily neglected despite its high prevalence [1] .
Therefore, many studies have focused on agents that are believed to relieve dry mouth or enhance salivary function, such as pilocarpine, sugarless gum, moisturizing gels or sprays, and artificial saliva substitutes [5] [6] [7] [8] . Although these agents may increase salivary function, this does not always seem to improve the symptoms of dry mouth [9, 10] . Natural products or traditional folk medicines have been regarded as other sources of curative agents for dry mouth. For example, some herbal formulas, homeopathic medicines, ophiopogoins, and linseed extract have been studied for this purpose [11] [12] [13] [14] [15] .
Korean red ginseng (KRG), the steamed root of Panax ginseng C.A. Meyer, is one of the best-known herbs and has been reported to have tonic effects on the immune system, sexual function, and the health of postmenopausal women [16] [17] [18] [19] [20] [21] . In traditional Korean medicine, KRG has long been used to relieve the symptoms of dry mouth. However, no clinical trials have investigated whether KRG has an effect on this condition. Therefore, this study was performed to examine the effects of KRG on dry mouth. For this purpose, before and after administering KRG to xerostomatic patients for 8 weeks, we evaluated the dry mouth visual analog scale (VAS), unstimulated salivary flow rate (USFR), and stimulated salivary flow rate (SSFR), and the subjects completed a dry mouth-related symptom questionnaire. This study also investigated age and gender as factors contributing to dry mouth.
MATERIALS AND METHODS

Subjects
From September 2007 to May 2008, 133 volunteers were enrolled in the trial. Thirty-three of the subjects (24.8%, 18 women [13.5%] and 15 men [11.3%]) were excluded (Fig. 1) . All measurements and interviews were conducted at the East-West Neo-Medical Center, Kyung Hee University, Seoul, Korea.
The existence of subjective oral dryness and dry mouth (VAS ≥ 4) at the screening visit served as an inclusion criterion [14] . The exclusion criteria were as follows: Sjögren's syndrome, a history of irradiation therapy, severe psychiatric diseases, intake of herbal formulas up to 2 weeks before participation, ongoing treatment for dry mouth, and pregnancy or breastfeeding.
The study protocol was approved by the Institutional Review Board of East-West Neo-Medical Center, Kyung Hee University. Informed consent was obtained from all subjects prior to the study.
Study design and assessment
This randomized, double-blind, placebo-controlled, parallel-group trial was designed to investigate the effects of KRG on dry mouth. At the first visit, the dry mouth VAS and questionnaire were administered, and saliva was collected. The subjects were then stratified into subsets according to xerogenic drug use [3] . Subjects were assigned randomly in blocks of four using a computer random number generator to receive either 6 g of KRG (Korean Red Ginseng Powder Capsule ® ; Korea Ginseng Corporation, Daejeon, Korea) or placebo (a capsule containing cornstarch powder with KRG flavoring) daily for 8 weeks. A voucher specimen was deposited with Korea Ginseng Corporation. The randomization list was kept by an independent pharmacist responsible for the KRG distribution until the end of the study. The subjects were given a diary, which they were asked to fill in twice a day after taking KRG or placebo.
On the second visit (4 weeks), dry mouth VAS and samples of saliva were evaluated. On the third visit (8 weeks), the three tests from the first visit were repeated. During each visit, the diaries were checked and the remaining capsules were counted. Compliance was estimated as a percentage of the number of capsules taken vs. the number of capsules that should have been taken. At 10 weeks, dry mouth VAS and side effects were recorded for each subject during a telephone call.
Evaluation of dry mouth and questionnaire
A global improvement in dry mouth was the primary outcome in this study. The subjects were asked to compare their overall dry mouth status on a 100-mM VAS at 4, 8, and 10 weeks vs. their status at baseline. The anchor points of the VAS were no dry mouth (0) and severe dry mouth (100). At baseline and 8 weeks, a modified six-item dry mouth-related symptom questionnaire study using a VAS [22] was administered ( Table 1) .
Estimation of USFR and SSFR
The USFR and SSFR were measured, at baseline and at 4 and 8 weeks, during rest and then during mechanical stimulation by chewing Parafilm (American National Can, Greenwich, CT, USA). The saliva was collected between 08:30 and 10:30. Before the first visit, the subjects were instructed not to eat, drink, or use any form of tobacco for 2 hours before saliva collection and to relax for about 10 minutes before the test. Unstimulated and Parafilm-stimulated saliva samples were collected for 5 minutes in preweighed disposable cups. During the first 5-minute period, saliva was expectorated at 30-second intervals, and the flow rate (mL/min) was calculated as the USFR. During the next 5-minute period, the subject was given Parafilm and instructed to chew it at a constant rate of 1 chew per second. The Parafilm-stimulated saliva flow rate (mL/min) was used as the SSFR. The saliva secreted during the first 30 seconds of each collection was discarded. Each salivary flow rate was determined by gravitation, using a scale with an accuracy of 0.01 g (AR2130 Adventurer Balance; Ohaus Pine Brook, NJ, USA), assuming that 1 g of saliva is equivalent to 1 mL.
Data analysis
The efficacy data, such as the dry mouth VAS, USFR, SSFR, and each item or the sum totals of the questionnaire, were evaluated by per-protocol analysis, because only the pre-and posttreatment changes were considered.
For additional analysis of the contributing factors, the KRG and placebo groups were subdivided into two groups according to gender (women and men) and then into three subgroups according to age [23] . Therefore, the final subgroups were as follows: men's subgroups A to C (age ≤ 39, 40 to 59, and ≥ 60 years) and women's subgroups A to C (same age intervals).
Statistical analysis
The differences among all of the variables were as- 5. Does the amount of saliva in your mouth seem to be too little, too much, or you don't notice it (Am-Sal)?
6. How much does the dry mouth symptom interfere with the overall aspects of your life (Eff-Life)?
Subjects rated the difficulty they experienced due to dry mouth during the previous week.
The anchor points of the visual analog scale were no difficulty at all (0 mM) and great difficulty (100 mM).
sessed using the repeated t-test, linear mixed model, independent t-test, or the Mann-Whitney U-test. The demographic variables (age, baseline dry mouth VAS, baseline USFR, and SSFR) were analyzed by independent t-test. Gender, medications, dentures, and menopausal status at baseline were assessed using the c 2 -test. Statistical analyses were performed using SPSS ver. 14.0 (SPSS Inc., Chicago, IL, USA). In all analyses, p < 0.05 was taken to indicate statistical significance.
RESULTS
Subject characteristics and baseline values
Of the 100 subjects included in this trial (age, 19 to 76 years), 90 (90%) completed the protocol. The mean compliance was 94% (95% CI, 89 to 99) for both groups. During the study, one man withdrew from the placebo group owing to dyspepsia, and nine subjects (one woman and four men in the KRG group; three women and one man in the placebo group) dropped out because of delayed visits or insufficient KRG consumption (Fig. 1) . The patient characteristics and baseline values are shown in Table 2 .
Comparison of the dry mouth VAS between the KRG and placebo groups
Compared with the baseline, the mean values of the dry mouth VAS decreased throughout the study in both groups. However, there were no significant differences between the KRG and placebo groups at 4, 8, and 10 weeks (Table 3) .
Comparison of USFR and SSFR between the KRG and placebo groups
Compared with the baseline, the mean USFR and SSFR increased throughout the study in both groups. However, there were no significant differences between the two groups at 4 and 8 weeks (Table 3) .
Comparison of dry mouth-related symptom questionnaire between the KRG and placebo groups
Both groups reported improvements in each item and showed improved total score of the questionnaire survey at 8 weeks. However, the KRG group showed no significant improvement in any item or the total score compared with the placebo group (Table 4) . Values are expressed as number (%) or mean±SD Gender, menopausal status, current denture wearing, and medications were analyzed by the χ 2 -test. Age, VAS, USFR, and SSFR were compared between the KRG and placebo groups using an independent t-test KRG, Korean red ginseng; VAS, visual analogue scale; USFR, unstimulated salivary flow rate; SSFR, stimulated salivary flow rate 1) Other current medications denote antidiuretics, thyroid-related medications, and genitourinary medications 
Comparison of the dry mouth VAS among subgroups
Time-related (baseline, 4, and 8 weeks) comparisons of the dry mouth VAS among the subgroups were assessed by repeated t-test and a linear mixed model. In comparisons among subgroups, no significant differences were observed using the repeated t-test (Figs. 2 and  3) . However, the dry mouth VAS values in the KRG women's group and KRG women's subgroup B were significantly lower than those of the placebo women's group and placebo women's subgroup B, respectively (p = 0.047 and p = 0.022, respectively, with the linear mixed model). For further statistical analyses, the changes in dry mouth VAS value between subgroups were compared. The changes in dry mouth VAS at 4 weeks in the KRG women's group and at 4 and 8 weeks in the KRG women's subgroup B were significantly greater than those in the placebo women's subgroup B (p < 0.05) ( Table 5 ). However, the dry mouth VAS in these subgroups did not differ 2 weeks (follow-up period) after the treatments for 8 weeks. There were no significant changes among the other subgroups either (data not shown). 
Comparison of USFR and SSFR among subgroups
There were no significant changes in USFR and SSFR among the KRG and placebo subgroups (data not shown). There were also no significant differences in USFR and SSFR between the KRG group and placebo women's subgroup B.
Comparison of the dry mouth-related symptom questionnaire among subgroups
Time-related (baseline and 8 weeks) comparisons of the values of six items and total scores of the dry mouthrelated symptom questionnaire among the women's groups were assessed by repeated t-test (Table 6 ). All questionnaire values in the KRG women's group, with the exception of the item "Does the amount of saliva in your mouth seem to be too little, too much, or you don't notice it?" were lower than those of the placebo women's group. However, a significant improvement was seen in the item "How much does the dry mouth symptom interfere with the overall aspects of your life?" in the KRG women's group (p < 0.05, repeated t-test). There was no significant difference in dry mouth-related symptoms between the KRG women's subgroup B and placebo women's subgroup B.
DISCUSSION
This is the first trial to investigate the effects of KRG on patients with dry mouth who had no obvious oral diseases, such as Sjögren's syndrome or radiationinduced xerostomia. Age, gender, current medications, denture wearing, and menopausal status are known to be causative factors for dry mouth in the absence of organic oral diseases [9, 24] . All of these factors were balanced at commencement of the trial. In additional analyses of subsets of subjects who had taken xerogenic medications, the baseline dry mouth VAS was 6.8 ± 1.8 in the KRG group (n = 16) vs. 6.2 ± 1.2 in the placebo group (n = 14) (p < 0.21). Although the subject characteristics were balanced and the major oral diseases causing dry mouth were excluded, each group may have had heterogeneous features related to age and gender. Therefore, each group was divided into six subgroups according to age and gender [23] .
The results showed that the dry mouth VAS, USFR, SSFR, and dry mouth-related symptom questionnaire items improved after 8 weeks compared with baseline. However, no significant differences were seen between values. Therefore, in contrast to our initial expectations, KRG may not improve dry mouth in subjects with no history of organic oral disease. In the subgroup analyses, KRG improved the dry mouth VAS in women, especially in women's subgroup B. One of the most important characteristics of this subgroup was post-and perimenopausal status, which is considered a key factor in the effect of KRG on dry mouth. Menopause is associated with a high prevalence of dry mouth [24, 25] , and indeed the proportion of postand perimenopausal women in each group in this study was high (Fig. 1) . Generally, hormone replacement therapy (HRT) relieves oral discomfort, such as dry mouth and painful mouth symptoms, in menopausal women [26] ; however, many menopausal women are concerned about the risk of breast cancer caused by HRT [27] . In contrast, the effects of KRG on menopausal symptoms and quality of life were not associated with any serious adverse effects in many of the earlier studies [16, 28] . The mechanism of the effect of KRG on menopausal symptoms was not clear, but after 8 weeks of treatment with KRG, post-and perimenopausal women reported improvement in the dry mouth VAS. Examination of the subjects' medications showed that none of the women took HRT during the study, which may have affected dry mouth [16] . Moreover, KRG is also known to ameliorate climacteric symptoms by lowering blood levels of stress-related hormones, such as cortisol [16] . These findings suggested that KRG may be of benefit to menopausal women with subjective dry mouth who are not taking HRT.
In the present study, the salivary flow rates were not correlated with the dry mouth VAS in any of the groups, even in the KRG women's subgroup B (Table  3) . These results were very similar to those of a previous study, which found no correlation between salivary flow rate and subjective dry mouth in xerostomatic patients without hyposalivation [29] . The higher baseline salivary flow rates may have affected the results in our study. In general, the criteria determining hyposalivation are USFR < 0.1 mL/min and SSFR<1.0 mL/min [4, 30] , whereas the baseline USFR and SSFR in the present study were much higher for both groups (Table  2) . Therefore, the effects of KRG on dry mouth in women's subgroup B may have been due to other factors, such as improvements in psychological status or hormonal changes [16] , rather than a direct increase in salivary function. These results suggest that dry mouth may reflect other systemic conditions, rather than reduced salivary gland function [31] .
In addition to an improvement in the dry mouth VAS, the KRG women's group also reported general improvements in most of the items and total scores of the questionnaire (Table 6 ). It was postulated that KRG may also have a positive effect on the quality of life associated with oral health as a tonic agent [28] .
Many studies have suggested that different doses of KRG have diverse effects in a number of diseases, including erectile dysfunction, immunodeficiency, diabetes, and climacteric symptoms [16] [17] [18] [19] [20] [21] 32] . These studies suggested that a daily dose of 1 to 6 g of KRG for 12 weeks is safe in humans. Moreover, KRG has long been used in traditional Korean medicine as an important component of herbal formulas for the symptoms of dry mouth. As a result of these trials and in accordance with traditional Korean medical prescriptions, 6 g of KRG per day was set as the test dosage.
As in many KRG trials, our study indicated no serious adverse effects and no ginseng abuse syndrome. The subjects experienced only mild, intermittent discomfort, which was easily relieved at the end of the study. The efficacy of the blinding protocol was analyzed using self-suggestion, in which subjects were asked whether they believed the medications they had taken were real. Real KRG/placebo/uncertainty was 32 (35.6%)/11 (12.2%)/1 (1.1%) in the KRG group and 25 (27.8%)/21 (23.3%)/0 (0%) in the placebo group. From these results, we concluded that blinding was not broken (p < 0.084, c 2 -test).
In conclusion, our results indicated that 6 g of KRG per day for 8 weeks may not have an obvious effect on subjective dry mouth, salivary flow rates, or dry mouthrelated quality of life in xerostomatic patients who have no history of oral diseases or hyposalivation. However, KRG improved subjective dry mouth in women, especially those aged 40 to 59 years, and dry mouth-related symptoms in women in general. Further investigation in post-and perimenopausal women is required to elaborate on these findings.
